Methods -Lisinopril (20 mg/kg/day) dissolved in drinking water was administered to rats immediately after coronary artery occlusion. After being sacrificed, the infarcted animals were divided into two groups: one group of animals with small infarcts (< 40% of the left ventricle) and another group of animals with large infarcts (> 40% of the left ventricle).
.
In the initial phase of the acute myocardial infarction, acute ventricular dilation may be observed, characterized by reduction in thickness and distension of the infarcted region. This change is called expansion of the infarct and results from the sliding of necrotic muscle areas due to disintegration of the interfibrillar collagen. In the late phase, different degrees of heart dilation are sequentially observed, depending on the intensity of the ventricular manifestation that occurred in the initial period. The late cavitary dilation results from the hypertrophic process, which involves both ventricles and seems to be an adaptation to the new load situations 1 . Acknowledgment and understanding of this process is crucial because ventricular remodeling is associated with a worse postinfarction prognosis. This happens because the presence and intensity of ventricular remodeling are related to a higher incidence of aneurysm formation, cardiac rupture, functional worsening, arrhythmias, and a higher mortality rate 2 . Another significant feature of ventricular remodeling is that its evolution can be altered through several therapeutical interventions. In recent years, the use of angiotensin-converting enzyme inhibitors (ACEIs) has gained importance as a strategy for attenuating this process. Some doubts persist, such as in which situations would hearts undergoing infarction benefit from this treatment?
Therefore, the objective of this study was to analyze the effects of the administration of ACEIs on possible noxious effects of ventricular remodeling in different infarct sizes.
to a previously described method 3 that had already been standardized in our laboratory 4 . Briefly, after anesthesia through ether inhalation, a left thoracotomy was performed between the 4 th and the 5 th intercostal spaces. The heart was then exteriorized through lateral compression of the thorax and the left coronary artery was ligated, 2 mm from its origin, with a polyvinyl thread (5-0, Ethicon) between the margin of the left atrium and the sulcus of the pulmonary artery. Then, the heart was rapidly returned to the thoracic cavity, the thorax was closed, and the animals were put in cages to recover. They were fed a commercial food preparation and had free access to water. After 12 hours, which corresponds to the period stipulated by us as necessary for surgical recovery, 3 groups of animals were established as follows: 1. group NT (n=51) consisting of infarcted animals that did not receive medication; 2. group LP (n=63), consisting of infarcted animals that, 12 hours after surgery, received lisinopril (20 mg/kg/day) dissolved in drinking water, for a period of 3 months. This dosage has antiproliferating and antihypertensive effects 5 . 3. group C (n=10), consisting of the control animals, which underwent the same surgical procedure, except for the ligation of the coronary artery.
After the division of the animals into groups, they were observed and mortality was recorded.
Three months later, the animals that had survived received sodium pentobarbital (50 mg/kg) and heparin (1000 IU) by intraperitoneal via, and were ventilated with 100% oxygen with positive pressure. Their thorax was then opened, the carotid arteries were ligated, and the aorta was catheterized with a metal cannula # 15. Retrograde myocardial perfusion was then started with the nutrient Krebs-Henseleit solution in the following composition in millimoles/liter (mmol/L): 115 NaCl; 5.4 KCl; 1.2 MgSO 4 ; 1.25 CaCl 2 ; 1.15 NaH 2 PO4; 25 NaHCO 3 ; and 11 glucose. Insulin (10 U/L) and mannitol (8 mmol/L) were added to assure better myocardial preservation 6 . The hearts were then removed from the thoracic cavity and put into a perfusion device to be studied separately, whose specifications are size 3, type 830 (Hugo Sachs ElectronicGrunstasse, Germany), under a constant perfusion pressure of 75mmHg. The nutrient solution was continuously oxygenated with a gaseous mixture of 95% O 2 and 5% CO 2 . The partial pressure of the oxygen was kept between 500 and 600mmHg, the pH between 7.3 and 7.4, and the temperature 37°C.
The left atrium was opened and the apex of the left ventricle was punctured with a needle to drain the ventricular cavity, avoiding accumulation of liquid in its interior. A latex-type rubber balloon attached to a rigid tube of double lumen was put inside the ventricular cavity. One of the extremities of the rigid tube was connected to a pressure transducer (Stathan P 23 XL) and the other to a 1-ml syringe.
The right atrial muscle, comprising the region of the sinoatrial node, was with removed and an electrode of an artificial pacemaker was installed in the right ventricular myocardium to artificially maintain the heart rate between 180 and 200bpm.
Starling's curves were obtained with infusion of liquid inside the balloon, allowing left ventricular diastolic pressure to vary from 0 to 30mmHg through gradual increments of 5mmHg. The systolic pressure corresponding to each variation in volume was recorded. In such preparations in which the heart works in isometric contractions, systolic pressure is considered a good indicator of the contractile capacity. The first derivative of pressure (+dp/dt) and the negative derivative of pressure (-dp/dt) were also recorded. These indices were used as parameters for left ventricular systolic and diastolic function, respectively.
The calibration factor of the left ventricular derivative was obtained according to the technique used by Moura Campos 7 .
After the functional study, the hearts were removed from the perfusion device and dried with filter paper, and the right ventricle was then dissected. The left and right ventricles (including the ventricular septum) were weighed and prepared for the morphometric analysis.
The right ventricular weight adjusted to each rat's body weight (RVW/BW) was used to estimate the degree of ventricular hypertrophy.
After being kept for 24 hours in a solution of 10% formalin, the left ventricle was put into a solution of 70% alcohol for 24 more hours as part of the process of preparation for determining the infarct size. Then a transversal cut was performed in each heart between 5 and 6 mm from the apex to the base. This cut reflected the mean result of the cuts in the entire ventricle 8, 9 . Slides were assembled with the myocardial tissue, which was then stained with a solution of hematoxylin and eosin and the morphometric analysis was carried out. This analysis consisted of measurements of the epicardial and endocardial lengths of the infarcted and noninfarcted segments and calculation of the percentage of the infarcted length in regard to the total length of the left ventricle. Those infarcts > 40% of the left ventricle were considered large, and those <40% of the left ventricle were considered small. The animals in groups NT and LP were subdivided according to their different infarct sizes.
Measurements of the concentration of hydroxyproline in the right ventricle and in the medial region of the left ventricular septum were taken according to the technique described by Switzer 10 . In regard to the scientific methodology, we used survival analysis (Kaplan Meier method) to assess mortality; the differences between the curves were analyzed by the log-rank test. Individual data, the means, and the standard errors of each group were plotted to estimate cardiac hypertrophy. The differences observed were analyzed through the analysis of variance (ANOVA). An estimate of cardiac fibrosis was performed through the Kruskal-Wallis test. To test the homoscedasticity of the results obtained in each functional study, we used the Bartlett test and after this study, for comparison between the groups, we used the analysis of variance (ANOVA). The significance level employed was 5%. Table I shows the number of rats in each group with small and large infarcts surviving for a period of 90 days. Effects of lisinopril on experimental ischemia Arq Bras Cardiol volume 73, (nº 4), 1999 Figure 1 shows the results of the functional study performed in hearts with small infarcts. We can see that for all diastolic pressure levels, the systolic pressures are higher in group C as compared with those in groups LP and NT (p<0.05). On the other hand, the systolic pressures in group LP were statistically higher than those in group NT (A). In regard to +dp/dt (B), we can see that, for all levels of diastolic pressure, the values of +dp/dt are higher in group C. In addition, we can observe that for diastolic pressure levels from 0 to 20mmHg, the values of the derivative were higher in group LP as compared with those in group NT (p<0.05). For the values of diastolic pressure of 25mmHg and 30mmHg, however, the values of the derivative did not show significant differences between the groups. Similar results were obtained in regard to -dp/dt (C). For large infarcts, the analysis of results shows that group C has statistically higher results for any variable as compared with groups LP and NT. The systolic pressure of group LP was higher as compared with that of group NT only in regard to the diastolic pressures of 0mmHg and 5mmHg. For diastolic pressure levels above 10mmHg, no significant difference occurred between the groups ( fig. 2-A) . In regard to +dp/dt (B) and to -dp/dt (C), the results did not show significant differences between groups LP and NT.
Results
In regard to the estimate of cardiac hypertrophy and considering the small infarcts, a smaller RVW/BW ratio was found in the hearts of control animals as compared with those of the animals treated with lisinopril and those of the untreated animals. On the other hand, group LP had a smaller RVW/BW ratio as compared with that of group NT (p<0.05) ( fig. 3-A) . Considering the large infarcts, the RVW/ BW ratios of groups NT and LP did not show significant differences. On the other hand, group C showed a smaller RVW/BW ratio as compared with that of the groups with infarction (B). Table II shows the results of hydroxyproline concentrations. For small infarcts, we can see that group C had a lower hydroxyproline concentration as compared with that of the groups of infarcted animals. Groups NT and LP, however, did not show statistically significant differences. Similar results were obtained for the large infarcts.
In regard to the survival analysis, after the recovery period of 12 hours, the mortality observed in group C was Fig. 1 -Graphic representation, in the form of mean curves ± standard error of the functional study in small infarcts. A-systolic pressure; B-+dp/dt; C--dp/dt; NT-untreated; LPlisinopril; C-control. *p<0.05 vs C and NT.
Systolic Pressure (mmHg) + dp/dt (mmHg/s) -dp/dt (mmHg/s) Group NT Group LP Group C
Diastolic Pressore (mmHg)
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between the two groups of infarcted animals, when the functional parameters analyzed were +dp/dt and -dp/dt. In regard to the SP, group LP showed a greater capacity for power generation. This finding, however, was observed only with diastolic pressures of 0mmHg and 5mmHg; above these levels of diastolic pressure, no difference occurred between the groups of infarcted animals. Other authors 15, 16 observed that infarcted rat hearts showed an improvement in functional performance compared with the control animals, when undergoing a progressive increase in diastolic pressure. Considering that the stretching of the myocardial fiber increases the degree of contractile activation, we can assume that, in our model, hearts more preserved after the ischemic injury would be less dependent on the preload for developing power. For those hearts with a higher degree of impairment, however, higher filling pressures would be necessary to reach the maximum degree of contractile activation.
Even though the ventricular weight/body weight ratio is an indirect index of cardiac hypertrophy, it is used in several experimental models to assess cellular growth. The complex sequence of events, some of which are conflicting, such as the reabsorption of necrotic myocardial tissue, the quality of the scar, and the degree of hypertrophy may interfere with the weight of the infarcted ventricle and not reflect the actual cellular growth 17 . Therefore, we decided to exclude this parameter from our experiment. zero; in group LP it was 31.7%, and in group NT it was 47%. The difference between groups LP and NT did not reach statistical significance (fig. 4) .
Discussion
The present study highlights the beneficial effects of the administration of lisinopril on evolutional variables of myocardial adaptations occurring after acute myocardial infarction. A critical analysis of our results indicates that the effect of lisinopril varies depending on the infarct size and the parameter analyzed.
In regard to the functional method of study, we used isometric contractions in our preparations. In such situations, the systolic pressure (SP) developed during the contractions and the +dp/dt Have Been accepted as parameters of systolic function [11] [12] [13] . In the same way, -dp/dt has been used as a parameter of diastolic function 14 . In regard to our results, we observed that for small infarcts the treatment with lisinopril caused an enhancement in cardiac performance, which was expressed by the parameters of systolic (SP and +dp/dt) and diastolic function (-dp/dt). It is worth noting that in regard to +dp/dt and -dp/dt, group LP showed significant differences in its values, as compared with those of group NT, only up to the diastolic pressure of 20mmHg.
For large infarcts, we did not observe differences Fig. 2 -Graphic representation, in the form of mean curves ± standard error of the functional study in large infarcts. A-systolic pressure; B-+dp/dt; C--dp/dt; NT-untreated; LPlisinopril; C-control. *p<0.05 vs LP.
Systolic Pressure (mmHg) + dp/dt (mmHg/s) -dp/dt (mmHg/s) Diastolic Pressore (mmHg) Group NT Group LP Group C Effects of lisinopril on experimental ischemia
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On the other hand, a number of hemodynamic (pulmonary arterial hypertension) and neurohumoral (increase in the concentration of angiotensin II [AII] and catechola-mines, among others) changes may occur because of the impairment of the infarcted left ventricle. These events lead to an increase in left ventricular mass, characterized by growth of the myocyte, edema and collagen accumulation, which are directly related to the size of the infarcted area. According to the above, even though the increase in right ventricular mass does not reflect exclusively the hypertrophic process, the RVW/BW ratio is accepted in the literature as a parameter of cellular growth in this model 11, 17, 18 . These findings were confirmed in a previous study 19 in our laboratory, where rats undergoing occlusion of the left coronary artery showed a significant increase in the RVW/BW ratio and in the transversal diameter of the right ventricular myocytes as compared with the control animals 21 days after infarction.
In the present study, results varied according to infarct size. In large infarcts, administration of ACEIs did not alter the degree of hypertrophy. In small infarcts, however, lisinopril attenuated the adaptive hypertrophy after acute myocardial infarction.
In our study, the amount of collagen in the right ventricle and in the remaining tissue of the left ventricle was assessed through the concentration of hydroxyproline. Despite being an indirect quantitative method, a close correlation between the biochemical method and the amount of collagen analyzed by morphometry was found 20, 21 . This allowed the concentration of hydroxyproline to be accepted as a parameter for the amount of collagen, in this model 22, 23 . In spite of the evidence that fibroblastic activity can be regulated by AII and aldosterone 24 , the capacity of interference of the ACEIs in the process of fibrosis is still controversial. Some authors 23, 25 have found that ACEIs decrease the tissue amount of collagen. Other authors 17, 22 , however, have not shown interference of the treatment in the intensity of the postinfarction fibrosis.
In our study, we observed that infarction is accompanied by an increase in collagen concentration. On the other hand, we found no difference in the concentration of hydroxyproline between the 2 groups of infarcted animals. Our results then suggest that lisinopril does not interfere with the amount of collagen, regardless of infarct size.
Another significant finding of the present study relates to survival, as mortality in the groups did not reach statistical significance. Therefore our results do not support those results 
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of other experimental models, where a decrease in mortality with the use of ACEIs after acute myocardial infarction was observed 26, 27 . This difference could be explained by the duration of the study as those authors observed their animals for a period of one year but our follow-up lasted only three months. Therefore, data currently available allow the supposition that morphological and functional parameters can be precociously evaluated after an acute myocardial infarction. For analyses related to mortality, however, it would be advisable to use a longer period of observation in which differences in can become more evident.
Another hypothesis to explain the different results of our study can be based on the fact that in the 2 groups of infarcted animals, approximately half (45%) of the deaths occurred within the first week after the infarction. Therefore, this high early mortality may have decreased the sensitivity of the statistical analysis, causing a mathematical equality. To check this possible statistical bias, we decided not to consider the animals that died within the first week after the coronary artery occlusion. The survival analysis in this new situation, during a period of 11 weeks, showed that mortality of the animals treated with lisinopril (LP) was statistically smaller than that of the untreated animals. Therefore, as a result of the already mentioned high mortality in the first days after the infarction, this experimental model may induce a statistical error.
Therefore, our results suggest that in experimental models similar to ours, studies on mortality should comprise a longer period of observation or a longer period of surgical recovery. This tactic will extend the applicability of this model in regard to the protective effect of drugs on post-acute myocardial infarction mortality.
Therefore, regarding the functional study and the estimate of cardiac hypertrophy, attenuation of the noxious effects inherent in the ventricular remodeling occurred only in those infarcts <40% of the left ventricle.
Our results support those of other authors. Pfeffer et al 26 showed that the administration of captopril to rats reduces mortality in an observational period of one year after coronary artery occlusion only in animals with infarcts that occupied from 20% to 40% of the left ventricle (moderate infarct). Animals with small (<20% of the left ventricle) and large (>40% of the left ventricle) infarcts did not benefit from the treatment in regard to survival. In the same experimental model, Vollert et al 27 observed that the treatment was beneficial to animals with small and moderate infarcts. The use of lisinopril, however, did not interfere with mortality in the cases with large infarcts.
Thus, currently available results allow supposing that small infarcts provide smaller physiopathological substrate to ventricular remodeling and, therefore, the effect of treatment will not have the same importance as compared with the importance of the effects obtained on moderate infarcts. In the same way, large infarcts will result in such exuberant morphological and functional changes that this phenomenon will attenuate the capacity of interference of ACEIs in the evolution of the ischemic process after an acute myocardial infarction.
Considering our results, we may conclude that the post-acute myocardial infarction use of lisinopril is accompanied by attenuation of ventricular remodeling, promoting improvement of the functional parameters and of the degree of hypertrophy. Treatment did not alter mortality or the amount of collagen. The interference capacity of lisinopril depends on infarct size and has significance only in infarcts <40% of the left ventricle.
